duction of highly-active antiretroviral therapy (HAART) in 1996 [4] . At the end of 2011, more than 8 million people were receiving ART in low-and middle-income countries, which was 26 times higher than the number in December 2003 [5] . However, one of the major drawbacks of ART is that it has resulted in transmitted drug resistance (TDR) [4] . For individuals, emergence of TDR can restrict subsequent ARV treatment choices and can exhaust therapeutic options, resulting in HIV-1 disease progression and death [6] . TDR is also a public health concern because it has the potential to compromise ART at the population level [7] .
Guangxi Zhuang Autonomous Region, a Chinese province with a population of 51 million, is located in the southern China on the border with Vietnam. It is also a neighbour of Yunnan province, where the total number of accumulated HIV/AIDS cases is highest among the various provinces in China [8] . Guangxi started to monitor HIV/AIDS in 1986. Up to 1992, only 4 HIV cases were found by testing sera from 108,659 individuals. All of these cases were individuals from outside China. Early in 1993, 1 individual in Guangxi was found to be positive for HIV but he was not a resident of Guangxi, although he was Chinese [9] . Guangxi residents were first found to be HIV-positive in 1996. The prevalence is 20.3% among injecting drug users in Pingxiang City, on the border with Vietnam [10] . Since that time, increasing numbers of HIV/AIDS cases have been identified throughout Guangxi. By the end of 2009, Guangxi was ranked second among provinces in China in terms of the total number of accumulated HIV/AIDS cases [8] . In order to control the rapid spread of HIV, the Guangxi Government started a 5-year period anti-HIV programme in June 2010 and this seeks to ensure best efforts to identify HIV-infected individuals and provide free ART to all who are eligible.
Regular, population-based assessments of transmission of drug-resistant strains is important to assure continued efficacy of the limited ARV regimens in use in resource-limited counties because this can generate important information to guide first-line ART selection, support education and prevention programmes, and promote the rational use of ARV drugs by clinicians and policymakers [11, 12] . China's National Free Antiretroviral Treatment Programme (NFATP) was launched in 2002 and scaled up in Guangxi at the beginning of 2005. Under the programme, all patients met the treatment criterion of CD4 cell count <200/mm 3 or World Health Organization (WHO) stage III or IV diseases are eligible for free six ARV drugs including azidothymidine (AZT), didanosine (DDI), stavudine (D4T), lamivudine (3TC), nevirapine (NVP) and indinavir (IDV). The number of individuals infected with HIV and receiving ART dramatically increased from June 2010 under the local government's 5-year anti-HIV programme. However, the prevalence of transmitted HIVDR had not been ascertained. Now, we have carried out a cross-sectional study to determine the prevalence of HIVDR and associated factors among ARV-naive patients throughout Guangxi.
Materials and Methods

Patient Population and Sample Design
Individuals who were confirmed as HIV antibody-positive but had never been exposed to ARVs were recruited between December 2012 and January 2013 from the HIV Voluntary Testing and Counseling Centre at the Center for Diseases Prevention and Control (CDC) of the east, south, west, north, and centre of Guangxi province. Demographic data were collected through direct application of a questionnaire before sample donation. A 9-ml venous blood was drawn from each individual. Informed consent in writing was obtained from each individual. Ethics committee approval for this study was obtained from the Guangxi Institutional Review Board. The study was conducted according to the principles of the Declaration of Helsinki. The second round PCR was carried out on 5 μl of the first round products in a 50-μl reaction. The protocol is 94° for 30 s, 55° for 50 s, 72° for 90 s, 30 cycles. The primers are DR2-3-CNBC: CAGAGCCAACAGCCCCACCA, HXB2 2147-2166. DR2-4-CNBC: CTGCCAATTCTAATTCTGCTTC, HXB2 3462-3441. PCR Taq were products of TaKaRa Biotechnology Co. Ltd (Dalian, China). PCR products from the second round were confirmed by agarose gel electrophoresis and the positive amplicons were sent to Beijing Biomed Co. Ltd (Beijing, China) for sequencing using a BigDye Terminator V3.1 Cycle Sequencing kit (Applied Biosystems, Foster City, Calif., USA).
CD4 Estimation and Viral Load Testing
Drug Resistance Analysis
The sequences obtained above were submitted to the Stanford HIV drug resistance database. Drug resistance mutations (DRMs) profile and ARV susceptibility were inferred using the WHO 2009 list of mutations for surveillance of TDR as implemented in the Calibrated Population Resistance tool (v5.0 beta) [13] (http://hivdb. stanford.edu).
Genotyping Methods
Genotype was determined by the NCBI viral genotyping tool (http://hiv-web.lanl.gov/content/index) using the sequences obtained above.
Statistical Analysis
Baseline clinical and biological characteristics of the study subjects were summarized as frequency (%) for the categorical variables, and mean ± SD or median (range) for quantitative variables. The 95% confidence interval (CI) for the prevalence of TDR was estimated. Statistical comparisons of the prevalence of TDR between men and women and across the different age groups and different areas were performed using χ 2 or Fisher's exact tests. All p values were two-tailed and p < 0.05 was considered to be significant. Logistic regression analysis was carried out to determine associations between possible risk factors and TDR. Statistical analysis was carried out using EPI Info version 6.1 and SPSS version 16.0 software.
Results
Baseline Characteristics
A total of 254 patients from five sampling sites were recruited into the study. 216 of them were positive for HIV RNA, including 151 male and 65 female study subjects ( table 1 ) . The mean ages of the male and female study subjects was 45.6 (95% CI 30.4-60.8) and 41.6 (95% CI 27.1-56.1) years, respectively. The median ages of the males and females were 44 (14-82) and 39 (18-71) years, respectively. 33.3% of the study subjects were single and 63.4% were married. 90.3% of them gave a history of het- erosexual exposure, 1.4% were men who had sex with men, 5.6% had a history of drug injection and the rest did not reveal their HIV exposure history. At enrolment, 56.5% of them were HIV-infected while the remainder (43.5%) were diagnosed as AIDS. All of them were drug-naive. The mean CD4 count of all study subjects was 272.1 cells/μl (95% CI 60.1-484.1). The median CD4 count was 247.5 (0-980) cells/μl. The mean plasma HIV RNA load was 135,819.4 copies/ml. The median plasma HIV RNA load was 44,000 (50-2,300,000).
Prevalence of Transmitted Drug Resistance
According to the SDRM algorithm, the overall prevalence of HIV drug resistance in the cross-sectional study in Guangxi was 3.2% (7/216, 95% CI 0.9-5.5). The prevalence of HIV drug resistance in Baise, Guilin, Hezhou, Qinzhou and Laibin was 4.9 (95% CI -1.7 to 11.5), 2.3 (95% CI -2.1 to 5.7), 4.7 (95% CI -1.6 to 11.0), 2.6 (95% CI -2.5 to 7.7) and 2.0 (95% CI -1.9 to 5.9), respectively ( fig. 1 ) . Clearly, the highest prevalence is in Baise City and the lowest in Labin City. However, the difference in the prevalence between Baise City and Laibin City is not significant (χ 2 = 0.031, p > 0.95). The prevalence of HIV drug resistance in males and females was 2.6% (95% CI 0.06-5.14) and 4.6% (95% CI -0.49 to -9.69), respectively. The difference in the prevalence between males and females is not significant (χ 2 = 0.109, p > 0.1), suggesting that gender is not associated with TDR. The prevalence of HIV drug resistance in HIV-positive persons and AIDS patients is 2.5% (95% CI -0.27 to 5.27) and 4.3% (95% CI 0.20-8.40), respectively. The difference in the prevalence between asymptomatic HIV infection and AIDS is not significant (χ 2 = 0.124, p > 0.1).
Transmitted Drug Resistance-Associated Mutations
In this study, 7 samples were found to have TDR mutations ( table 2 ), conferring reduced susceptibility to ARV drugs. Three of the TDR mutations (1.4%, 95% CI -0.17 to 2.97) cause resistance to nucleoside reverse transcriptase inhibitor (NRTI). T69ADNT confers low-level resistance to didanosine (DDI). Both K70R and T215IS confer low-level resistance to stavudine (D4T). K70R also causes intermediate-level resistance to azidothymidine (AZT) but T215IS only causes low-level resistance to AZT. Four of the TDR mutations cause resistance to non-NRTI (NNRTI) (1.9%, 95% CI -0.08 to 3.72). Y181C confers high-level resistance to nevirapine (NVP) and intermediate-level resistance to etravirine (ETR) and rilpivirine (RPV). E138G and V179E within individual samples cause low-level resistance to efavirenz (EFV), ETR, RPV and NVP. K103KN results in high-level resistance to NVP and EFV. Both protease inhibitor (PI) major resistance mutations (M46I) and PI minor resistance mutations (T74S) cause low-level resistance to nelfinavir (NFV) (1.4%, 95% CI -0.17 to 2.97). Clearly, resistance was found to all drugs of the first-line regimens, except for lamivudine (3TC) and tenofovir (TDF). TDF was added to the free first-line regiment according to the Manual of the National Free Antiretroviral Treatment (3rd version, published in 2012).
Prevalence of HIV Genotypes in Various Cities
All of the genotypes of HIV in Guangxi are HIV-1. The subtypes are CRF01_AE, CRF07_BC, CRF08_BC and B. The total prevalence of CRF01_AE, CRF07_BC and CRF08_BC is 72.7% (95 CI 66.8-78.6), 7.4% (95% CI 3.9-10.9) and 19.0% (95% CI 13.8-24.2). Subtype B was only found in Laibin City and accounts for 4.0% (95% CI -1.4 to 9.4) of infections in Laibin City. Clearly, subtype CRF01_AE is the dominant subtype in Guangxi. However, the dominant subtypes vary in different sampling sites. Subtype CRF08_BC is the dominant subtype in Baise (63.4%, 48.7-78.1) while CRF01_AE is the dominant subtype in all other cities. The prevalence of CRF01_ AE in Hezhou is highest (93.0%, 85.4-100.6) among all the cities in Guangxi ( table 3 ) .
TDR could be seen in subtypes CRF08_BC and CRF01_ AE only. The prevalence of TDR in subtype CRF08_BC and CRF01_AE is 7.3% (3/41) and 2.5% (4/157), respectively. Although the prevalence of TDR of subtype BC-8 is higher, it is not significantly higher (X = 0.995, p > 0.5) than that of other subtypes, suggesting that genotype is not associated with the development of TDR.
Risk Factors for Transmitted HIV Drug Resistance
In order to search for risk factors for transmitted HIV drug resistance, logistic regression analysis was performed. The factors included in the analysis are gender, ages, CD4 cell counts, viral loads, employment, marriage, education, transmission route and genotypes. No variables were found to be associated with TDR.
Discussion
The major finding of the study is that the prevalence of TDR HIV in ARV-naive patients in Guangxi remains low according to WHO thresholds, although the scale-up of free ARV was started 8 years ago and, especially, after BS020  M  36  HIV  CRF08_BC  424  6,200  K103KN  BS044  F  46  AIDS  CRF08_BC  23  5,300  T74S  GL047  F  63  AIDS  CRF01_AE  337  11,009  M46I  HZ036  M  22  HIV  CRF01_AE  440  42,000  E138G, V179E  HZ041  M  32  AIDS  CRF01_AE  49  280,000  T215IS  V106IV  QZ0345  F  58  HIV  CRF08_BC  187  15,000  K70R  LB010  M  37  AIDS  CRF01_AE  2 29,000 L10I T69ADNT Y181C nearly 3 years of the 5-year period anti-HIV campaign of Guangxi Government. Resistance was found to all drugs of the first-line regimens, except for 3TC and TDF. Subtype CRF08_BC is the dominate subtype in Baise while CRF01_AE is the dominate subtype elsewhere in Guangxi. The strengths of the study are that the samples were collected 8 years after beginning the scale-up of free ARV, which is long enough for the emergence of resistance and transmission. The weakness is that there is not enough time for the emergence of resistance and transmission of TDF because this was added into the first-line regiment only a year ago. It is recommended by WHO that transmitted HIV drug resistance surveys be performed in geographic areas where ART has been available to at least 20% of eligible individuals for ≥ 3 years [14] . [15] analysed 124 HIV-infected, ARV-naive patients enrolled from Liuzhou and Nanning, Guangxi. The results showed that the prevalence of transmitted HIV drug resistance was 1.6%. In 2009, Li et al. [16] analysed 211 sequences from individuals from different cities within Guangxi and found that the prevalence of TDR was 1.9%. Our study shows that the prevalence of TDR in Guangxi is 3.2%. Furthermore, Su et al. [15] did not find TDR in NNRTI. Mutations of this type were seen our in study and that of Li et al. [16] with a prevalence of 1.9 and 0.5%, respectively. Clearly, the prevalence of TDR in HIV-infected, ARV-naive patients in Guangxi remains low. However, it is increasing.
It is estimated that there is a 7-to 10-year period of latency from HIV infection to AIDS [14] . Su et al. [15] and Li et al. [16] collected samples 4-5 years after the scale-up of NFATP. It is possible that some of their study subjects contracted HIV before the scale-up. Therefore, their results may not reflect the status after the scale-up. Our samples were collected between December 2012 and January 2013, 8 years after the scale-up. Therefore, our results may reflect the current status.
Extensive use of ARV drugs has led to increasing transmission of HIV variants with DRMs that can be maintained in individuals before initiation of treatment [12] . Patients in countries in which ART had been available for ≥ 5 years were 1.7 times more likely to have TDR than those living in a country where ART had been available for <5 years [17] . The prevalence of transmitted HIVDR is highest in developed countries where ARV drugs are available early, estimated between 8.4 and 22.7% [18] . The overall rate of TDR in all resource-limited countries was about 6.6%. The reported prevalence of TDR was 5.7% in Africa, 7.6% in Asia and 8.4% in Brazil [17] .
The first HIV epidemic in China occurred in 1989 in Dehong prefecture, bordering northern Myanmar. A survey from the prefecture reveals that the prevalence of TDR was 4.3% after 7 years of the scale-up [19] . Another study from Guangdong province showed that the prevalence of TDR was 6.7% after 5 years of the scale-up [20] . A report from Henan province, the first province to provide free ARV to HIV-infected individuals in 2003 in China, shows that the prevalence of TDR in the province is 14.3%, 8 years after the scale-up [21] . The difference in the prevalence of TDR between Guangxi and Henan provinces is significant (χ 2 = 13.178, p < 0.001), although the period from scale-up to sample collection is the same. It may be interesting to search for the factors that led to the difference in the prevalence of TDR between Guangxi and Henan.
According to the Manual of the National Free Antiretroviral Treatment (2nd version, published in 2007), treatments in NFATP were first-line ART regimens consisting of two NRTIs (AZT + DDI or D4T + 3TC) and one NNRTI (NVP or efavirenz (EFV)). AZT, D4T, DDI, and NVP are generically produced in China, whereas 3TC and EFV are branded drugs which became available in 2005 [22, 23] . In this study, there are mutations that confer resistance to first-line drugs, except for 3TC. However, the geographic distribution of drug resistance varies. Therefore, the findings in the study are important to guide first-line ART selection.
HIV has extreme genetic variability due to high mutation and recombination rates caused by the reverse transcriptase enzyme [24] . HIV diversity impacts on virtually every aspect of the HIV pandemic, including disease progression and transmission, diagnosis and measurement of viral load, response to HAART, drug resistance, the immune response and vaccine development [25] . Therefore, the information from the surveillance of HIV subtypes and recombination is important. Results from this study show that the dominant subtype in Guangxi is CRF01_AE, the same as Li et al. [16] reported 4 years ago However, the dominant subtype in Baise is subtype CRF08_BC, different from that reported by Li et al. This may be due to the extreme genetic variability of HIV but, alternatively, it may also be because of a bias in the study of Li et al. because their sample size was small (11 study subjects only).
TDR surveillance will generate important information to guide first-line ART selection and promote the rational use of ARV drugs by clinicians and policymakers [11, 12] . Since the Guangxi Government has started the 5-year anti-HIV programme, there will be more and more HIV-infected individuals on free ART. Data from our study showed that the prevalence of TDR in Guangxi is increasing. Therefore, we will continue to survey TDR in the future.
